The role of calpain and caspase family proteases in postischemic neuronal death remains controversial. This study compared the timing, location, and relative activity of calpains and caspases in the adult rat brain following 10 min of transient forebrain ischemia. Western blots of cortical, striatal, and hippocampal homogenates demonstrated a ␣-spectrin cleavage pattern indicative of predominant calpain activity, which peaked between 24 and 48 h after reperfusion. However, immunohistochemical evidence of both caspase 3 activation and caspase-mediated substrate cleavage was detected as early as 1 h and as late as 7 days after reperfusion in circumscribed neuronal populations. Simultaneous or sequential caspase and calpain activation was also observed suggesting the potential for interaction of these protease systems. The complex spatiotemporal pattern of calpain and caspase activity observed in this study provides important insights for the development and evaluation of therapeutic strategies to reduce protease-mediated injury following global brain ischemia. © 2002 Elsevier Science (USA)
INTRODUCTION
The relative role of necrotic and apoptotic injury mechanisms following transient global brain ischemia is unclear. Early ultrastructural studies demonstrated unique morphologic features of "ischemic neuronal change" that were inconsistent with the classic definition of necrosis (Pulsinelli & Brierly, 1979; Petito & Pulsinelli, 1984; Kirino et al., 1985) , and more recent studies specifically looking for ultrastructural evidence of neuronal apoptosis have reported mixed results (Nitatori et al., 1995; Colbourne et al., 1999; Martin et al., 2000; Zeng & Xu, 2000) . However, morphology alone may be unreliable in determining the cause of cell death, and biochemical evidence supports the activation of apoptotic pathways following global brain ischemia (Nitatori et al., 1995; Chen et al., 1998; Namura et al., 1998; Gillardon et al., 1999; Krajewski et al., 1999) . One potential determinant of cell morphology at the time of death is the relative activity of proteases such as calpains and caspases.
Caspases are specifically activated in response to apoptotic stimuli, and caspase 3 is one of the major "execution phase" proteases acting downstream in the apoptotic cascade (Thornberry & Lazebnik, 1998) . Chen et al. (1998) detected proteolytic modification of pro-caspase 3 to the active form in Western blots of the rat hippocampus and striatum as early as 4 h after transient forebrain ischemia. However, in the same study caspase-3-like protease activity was not detected by in vitro assay until 8 to 24 h after reperfusion. Despite regional evidence for caspase activity in the postischemic hippocampus, the role of caspases in the 1 To whom correspondence should be addressed at Department of Emergency Medicine, Hospital of University of Pennsylvania, Ground Floor, Ravdin Building, 3400 Spruce Street, Philadelphia, PA 19104-4283. Fax: 215-573-5140 . E-mail: rneumar@mail.med.upenn.edu. 289 -305 (2002) doi:10.1006/nbdi.2002.0526 0969-9961/02 $35.00
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